Cor pulmonale (right heart failure) due to microscopic pulmonary tumor emboli (MPTE) can arise from a variety of malignancies including breast, lung, and liver and carries significant morbidity and mortality. Tumor cell aggregates spread hematogenously to the lungs and occlude small pulmonary vessels leading to pulmonary hypertension through either a mechanical process or inducing vascular remodeling as a downstream result of interactions between the embolus and the vessel wall. Its presentation includes unexplained dyspnea, hypoxemia, tachycardia, pulmonary hypertension, right heart failure, and in some cases sudden death. The symptoms may suggest the more common entity of pulmonary thromboembolism, particularly in the setting of previously known metastatic cancer; however, computed tomography scans may appear normal and ventilation-perfusion scans which are the preferable diagnostic modality are not always ordered. In most cases of MPTE, the presentation reflects metastasis of an already known and advanced tumor, but, in rare cases, it may be the primary manifestation of an occult malignancy. We present here 2 unique cases of MPTE in women with occult cervical cancer. In both cases, the malignancy was discovered and diagnosed at autopsy. Microscopic pulmonary tumor emboli can be easily overlooked, and therefore, forensic pathologists and other death investigators should be aware of it and trained to at least consider the possibility in appropriate situations. Thorough microscopic examination of apparently normal tissues may be necessary, particularly in cases of unexplained right heart failure and sudden death, even if the decedent has few or no identifiable risk factors for cancer. Acad Forensic Pathol. 2019 9(1-2): 81-92 
INTRODUCTION
Cor pulmonale due to microscopic pulmonary tumor emboli (MPTE) can arise from a variety of malignancies including breast, lung, and liver (1, 2) . Tumor cell aggregates spread hematogenously to the lung and occlude small pulmonary vessels leading to pulmonary hypertension through either a mechanical process or inducing vascular remodeling as a downstream result of interactions between the embolus and vessel wall (3) (4) (5) . Its presentation includes unexplained dyspnea, hypoxemia, tachycardia, pulmonary hypertension, and right heart failure (6) (7) (8) . Such a presentation may reflect metastasis of an advanced tumor or, in rare cases, as the primary manifestation of an occult malignancy (2, 5, 9, 10) . We report two unique cases where MPTE was the presenting feature of an occult cervical cancer. In both cases, the cancer was diagnosed at autopsy.
CASE SERIES
The first patient was a 49-year-old Filipino woman with no significant prior medical history, who presented with a chief complaint of progressive dyspnea on exertion of two weeks' duration. Her exercise tolerance had diminished from unlimited to less than one block. She had immigrated to the United States from the Philippines 25 years ago, was a lifetime nonsmoker, and was not taking any medications. Admission physical examination was notable for hypoxia, elevated jugular venous pressures, tachycardia with a loud P2, no murmur or heave, and clear lungs. Her electrocardiogram showed diffuse T-wave inversions in leads II, III, and avF and in V1-V4. Two-view chest X-ray showed slight vascular prominence. Laboratory data were unremarkable except for an elevated D-dimer of 17.3 µg/mL (normal ≤500 ng/mL). Venous thromboembolism (VTE) was suspected, and empiric anticoagulation was started.
Computed tomography (CT) angiography revealed scattered ground-glass opacities bilaterally but no filling defects to suggest pulmonary embolism. Two-dimensional transthoracic echocardiography was remarkable for moderate to severe right ventricular dysfunction and dilation, severe pulmonary hypertension with an estimated right ventricular systolic pressure of 70 to 75 mm Hg (normal range is 15-25 mm Hg), and mild left ventricular dysfunction.
On the third day of hospitalization, she developed sudden onset respiratory distress followed by bradycardia and asystolic cardiac arrest; she expired despite aggressive resuscitation.
At autopsy, pertinent gross findings included a mildly dilated right ventricle, multiple peripheral, small, wedge-shaped pulmonary infarcts, and an ulcerated lesion of the uterine cervix (Image 1). There was no gross evidence of large-vessel pulmonary thromboemboli. Histopathologic examination of the lungs was remarkable for multiple intravascular pulmonary tumor emboli as well as acute and subacute pulmonary thromboemboli mostly in small caliber pulmonary vessels. The histologic appearance of the tumor emboli was that of small clusters of tumor cells with large, round nuclei, prominent nucleoli, and dispersed chromatin pattern (Image 2). Microscopic examination of the lesion of the uterine cervix was remarkable for an invasive cervical adenocarcinoma with micropapillary features, composed of tumor cells histologically identical to those found in the pulmonary vasculature.
The second patient was a 32-year-old Caucasian woman who was found dead on the toilet by her roommate. She had recently sought medical attention for persistent lower back pain, for which she was prescribed oxycodone. She had worked as a theater set designer, did not have health insurance, and did not have routine Papanicolaou test.
At autopsy, the external examination was only remarkable for slight hirsutism. There was no jaundice. The heart, though having a normal weight of 260 g, had a dilated right ventricle. The lungs were grossly unremarkable. The liver was markedly enlarged (3400 g) with innumerable round nodules ranging in size from 2 to 3 mm up to 4 cm that occupied almost threefourths of the liver parenchyma. The parenchyma was neither steatotic nor cirrhotic. There were numerous enlarged lymph nodes at the porta hepatis. Similar ORIGINAL ARTICLE nodules were noted in both kidneys, adrenal glands, and ovaries. Vague white-tan masses were seen in the thoracic and lumbar vertebrae. The ectocervix was indurated and ulcerated without evidence of a distinct mass. The ureters and bladder were unremarkable.
Histological sections were taken from the cervix, ovaries, lumbar vertebral bone, lungs, heart, liver, kidneys, and adrenal glands. The cervical squamous mucosa was ulcerated with an underlying infiltrating, poorly differentiated malignancy, with a focally nested growth pattern, multiple mitoses, and high-grade nuclei. There was extensive necrosis, with vascular and lymphatic invasion. Immunohistochemical stains were positive for CK7 and AE1/AE3 and negative for CK20, synaptophysin, and melan A, suggestive of an endocervical glandular primary (Image 3).
The kidneys, ovaries, adrenal glands, and liver histologic sections all showed the same malignant cells with marked atypia, anaplasia, mitotic figures, and necrosis, consistent with metastases from the endocervical adenocarcinoma. The lungs showed diffuse intravascular tumor emboli (Image 4). Sections of bone revealed metastatic poorly differentiated adenocarcinoma (Image 5). 
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DISCUSSION
These two cases highlight unique presentations of MPTE. In both cases, the tumor emboli originated from an undiagnosed cervical malignancy. Neither woman had prior history or significant risk factors for cancer.
In the first case, the aggressive timing of symptoms, specifically the severe pulmonary hypertension, positive D-dimer, evidence of right heart strain, and recent travel history, was extremely suggestive for VTE; however, obvious large-vessel thrombi were radiographically absent (7, 11) . This scenario is not uncommon with MPTE (2, (12) (13) (14) . Tumor emboli can affect a range of vessel calibers, but the degree of vascular involvement and occlusion does not correlate well with symptoms (9). Moreover, CT scans, despite a peripheral pattern of dilated pulmonary arteries described in a small case series of tumor emboli cases, are often normal in such patients and do not show the characteristic larger-vessel filling defects seen in VTE (9, 15) . Ventilation-perfusion scans may be more useful and can show symmetric peripheral mismatch at the subsegmental level, however carry the possible risk of total vascular occlusion due to the macroaggregated albumin (16) .
The second case was unusual in many ways. The cervical carcinoma had progressed to involve the ovaries, kidneys, adrenals, liver, and lumbar spine. But it was the painful bone metastases that prompted the patient to seek medical help. Plain radiographs of the lumbar spine were read as normal and the patient was labeled as "pain seeking." The case was referred to the medical examiner's office as a possible overdose. On note, the toxicology showed the presence of cyclobenzaprine and norcyclobenzaprine, with concentrations in the femoral blood of 0.34 and 0.10 mg/L, respectively. Both femoral blood and vitreous humor were negative for ethanol and other drugs of abuse.
CONCLUSION
Microscopic pulmonary tumor emboli have been reported in a variety of cancers as a cause of unexplained dyspnea and subacute cor pulmonale (17) (18) (19) . However, most cases occur in the setting of known malignancies, where MPTE is another manifestation of advanced disease (6, 20) . While there are a myriad of pathological processes that can cause cor pulmonale, determining the underlying aberration is essential to making a correct diagnosis. In rare cases, as the two cases presented above, it can be the presenting sympImage 2: A) Section of emboli in pulmonary vasculature (H&E, x200). B) Section of emboli in pulmonary vasculature, stained with immunohistochemistry for CK7 (x200). 
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tom of an occult process (5) . Therefore, MPTE should be considered for the differential diagnosis even in patients without known malignancy who present with cor pulmonale of unknown etiology. For the forensic pathologist, MPTE requires a high index of suspicion. It should be suspected in cases of unexplained right heart failure (grossly a dilated right ventricle or right ventricular hypertrophy) when other ancillary studies such as toxicology are either negative or noncontributory. Antemortem clinical tests, such as imaging, should be reviewed if available, can help further establish the likelihood of antemortem right heart dysfunction and pulmonary hypertension. Furthermore, the gross appearance of the malignancy can vary from a subtle lesion, as was the case in the first patient, to more obvious metastatic disease. Histological examination of the tissue is therefore necessary for further characterizing the lesions.
